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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
electroluminescence element improved with stability and 
durability by inserting at least one layer containing at least 
one kind of a compound expressed by the specific formula 
between a pair of electrodes. 

SOLUTION: In the formula, Ar1-Ar4 are the substituted or 
unsubstituted aryl group, and Ar1 , Ar2 and Ar3, may form 
nitrogen-containing heterocyclic rings together with coupled 
nitrogen atoms. R1 and R2 indicate hydrogen atom, the 
straight chain, branched or ringHike alkyl group, the 
substituted or unsubstituted aryl group, or the similar aralkyl 
group, Z1 and Z2 indicate hydrogen atom, halogen atom, the 
straight chain, branched or ring-like alkyl group, the similar 
alkoxy group or the aryl group, and X1 and X2 indicate-(A1- 
X11)m-A2-. A1 and A2 indicate the substituted or 
unsubstituted phenylene group or the similar naphthylene 
group, X1 1 indicates single bond, oxygen atom or sulfur 
atom, and (m) indicates 0 or 1 . 
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im%% i ) -***>*«fiJfc. -flfc* ( i ) (ft i > 

■C*&*i*ft£*fciWr< k 1 



[ftii 



Ar 2 



Ar 3 




CsS*. Ar, ~Ar 4 JM8lifc»4*«dorU-A' 
S£glt. £<oK. Ar, kAr 2 fcitfAra kAr 

•CWCiJ:VVfc3iU Ri fc<ktm 2 ii*^!!?-. it 

MIL,, Zi fcJ:tfZ 2 Ji^Iff . AnyyiFF, tt 

*«**U x, HXt/x, \i- (Ai -x n ) . -a 
2 (fit. Ai isJ:tf A 2 fcHH*ifctt*lfill 

at. mliOifclilfc**") 3 
[M**2 ] Hftsi; ( 1 ) T*3*Uft£***** 
* Jf# . MixASSSMT-* 6M$ft 1 

[w#*3 ] -hr* ( 1 ) -cmtint-mzttt 
*»$3 1 tfdt mmconimmftm?. 

[00013 
[0002] 

m%-m.m < wusxp ? h s * ••/ * : * 

«EL#f) 0fll*S*lfc CAppl. Phys. Lett.,_5K 

913 (1987) ) . nmmftmmi^ mmmft^m 
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£ fc J: 9118? U*ish» £ 
***?&*. RVHft+VgK 

ar. Sfe) o»36&n»rircft*. 

* £*>!&£#&*. 

[0 00 3] jEBa7JBS*mktr. 4, 4' -If* 

Cn-7x-;w-n- (3" ->f-;i^7x-/P) r$ 

J. AppI. Phys.,_27_> L269 (1988) K 4fc, 

tr . Mitf . 9,9- *J7**nr- 2 , 
7 -t'X (N, N-v7x-;wrsy) 7;^i^y^l 

frCWitf* 9, 9- : J**)V-2, 7-b*X(N, N 

-j/7x-^rsy) yivxi-y) £fflv^*.rk#$t£ 

SftTV^ (^¥5-2 5 4 7 3-SB^B) . tfrtfc 

[0004] 

kt'J>*. 
[0005] 

mm^mixmmvtzm^ *m**a&ri 

izm-itz. ttchh. *»Wi. 

©-*t*)«WBfc:» ( 1 ) (it2 ) t'SSti*ft 

^3*^<k t, 1 tt&*t*B k *>-1^ 

[0006] 
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C5^ Ar, ~Ar 4 JiiHft4fctt*fflt*>7 'J -)V 
££i*U Sfete, Ar, tAr 2 H^Kr^ Ur 

-ovctiv^u Ri feit/Rz iifcmm?. e 

T'J-^S, S>l>U4S&4tt4:fcM$077^*/l/S 
£3IU Z, fc4tfz 2 i4*9ftJJFr\ AnfySf, » 
#«4*:J4SH&7)7/Mf/«. ML 4H»4fcfcHI 

/P££SIU Xj i54tfX 2 {4- (A, -X u ). -A 
2 -&$tt (fit. A, fc4tf A 2 I4fflft4fctt5HHR 

fJU mti0 4fcttl£*t) 3 

Ar aw Ar, 



Ar, 



C5*tt. Ar, -Ar, tel$£*:J4*18l<D7l>-^ 
Sfete, Ar, tAr 2 £4tfAr 3 Ur 

TVvtfcJ:VVfc*U R, fccfctfR 2 it 
4L #«4£(4SHfrD7/Mf^ HISfcttiHHia 

flk #*4fcUara*>7/MfAak EM. #tt4fctt« 
^T^ndp^*. *6^{4«»4fcl4*{KW>Ty- 
/PSfcfiU X, i>4tfX 2 {4- (A, -Xu). -A 
2 (fit. A, i>4tfA 2 MtHft*fctt*Hfl 

coy^-vym. h^mmtztexmn+y+v 

I0 0 09]HR*(1) tefcUT. Ar, -Ar, (4 



®-«o»aiBfc, s fetes a*Jifc*r*iriB<Mfc 

IB<D~ffi«v>-f^i*-teSK^*«m*fBt3g^, teWt 
[0007] 

-JK^ ( 1 ) Hfc3 ) ?«S;h.*<(fc£»**J«5r< fc t> 1 

[0008] 
[fc3] 
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fcfct. fiUtf. 7x-;wa. ryh'J;wS 

[00 1 0] Ar, -Ar, {4. $?4L<»4. *l!ft, 

rimti/m. #> & 1^47 y -^mx-mmt 

5«*Wli*4fctt«l»8l*3~2 o^ma^#^» 
T*0, 4 0»4U<(4, tt<{4, 
IFF. 08K!Kl~1407/Mf;^ 
7*3*5'*, $>|.V^4^gc6-10^Ty-;k«T 

zmttimwtetix^x i> o 
^K*aw#SR*T* o » § fe teff 4 1 < (4. *a 

& *>L<14. vNn^>ffi^ N ^#^l-4ior^^ 

i o or y s v ^i4£»$ss fit t t) 
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x v >msssk 6 ~ 1 6 oaawwswfiarc* * . 

[00 1 1] Ar, ~Ar 4 VMWmt IXlt. mi 

-TVhUA*. 2-7)V*\s~)V 

3-yV)V&* 2-7VMt, 3 
-f-xryi*, 2-fxa;H, 2-*WU/l'£, 

yy-frvu;^, 2-^yv^5rvu/^ 4-* 

g % 2-xf-;i/7x-;^, 4-n-7nt;l^7xX/w 

7i~/H, 4 -sec -7f-/U7x-/l^ 2 -sec - 
7f-^7x-;kS. 4-tert-7^7x-;WSs 3- 
tert-7f-/l/7x-/l^ 2-tert-7-f/W7x-;W 

4-n-^y^P7x-;^. 4-4 V*yf-/W7 
i-;H, 2-^>'f;l'7x-;H< 4-tert— * 
yf-;l^7x-/PS. 4-n-My^7i-/H. 4- 
( 2 ' -Xf-^7^) 7 x 4 - n -^7*f-;P 
7xX;PS x 4-n-*?fWi-;U, 4- (2' 
-Xf-JW'V**'/!') 7x-;WS, 4-tert-^^^7 
x— 4-n-f->^7i-;H, 4-n-Ffy 

;W7x-/W«, 4-n-fF5fy^7i-/H. 4- 

•/^o^yf^?!-/^, 4-^o^^i'7i- 
/i^, 4- (4' -pff-^^^oA.dfWW) 7x-;w 

4- (4' -tert-yf-^^n-N^^) 7x- 
;W3S, 3-S/^OA.dr^;W7xX;l/a, 2-^n^4f 
■>;i^7x-;H. 4-xf-;P-l-^7f-;l4£s 6-n 
-7'^-2-^7f-;^ 2. 4-^^71-^ 
a, 2. 5-^^71-;^ 3, 4-^^;W7 
x-;^. 3, 5-^^71-^, 2, 
-f;P7x-/l/*s 2, 4-^X^71-^, 2, 
3, 5-bU^f-^7x-;W«, 2, 3, 
/W7x-/l^ 3,4, 5-hU*^7x-/t^ 
2, 6-yXf^7xX/«. 2, S-iMVrnt* 
7x-;US. 2, 6->M V7^l/7x-/WS. 2, 4 
-^'-tert-7f-/l/7x-/^ 2, 5 -j/'-tert-7 
f-;W7xX/l^ 4, 6-v-tert-7f-/W-2-^f- 
;W7 x 5 -tert-7f-/W- 2 - *f7k7 x -/W 

4-tert-7f-;W-2, 6-^^7x-;^ 

9-^^-2-7;^^-;^ 9-xf-;w-2-7 
)V*V-)V&. 9-n-^* : s)l>-2-7)V*\s-H> 

9, 9-i?*1-)V-2-7)V*\/-)V&^ 9,9- 
V^)V-2-7)V^V=-)V^ 9, 9-y-n-7n 
tf/L — 2 - 7;M" i>-)i&. 

[00 12]4-^h^i/7xX;H, 3-^h^f^7 
xx;Ht, 2-^h^v7x-;l^S. 4-Xb^7x 
-/l^, 3-Xb^r^7xX;^ 2-Xb4fi/7x- 
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/t-g, 4-n-7*o:l«rj'7xX/V<g, 3-n-To^ 
dfi/7xX/W3i. 4—f yra^y7xX^ 2- 
>f V7n#^i'7xX;«, 4 - n-7h#~>7x-;l/ 
g, 4— f V7h^fv7x-;WS. 2 -sec -7>=*>' 
7xX;I/», 4-n-'<>^;W^ ;i fv-7x-;Pa N 4- 

^v^y-f/M-^^x-zhi, 2-4 VO^A-** 
y7xx;n, 4-*^yf-;i-^v'7x-;p«. 2 
-^^yf-;^#^7x-;i*, 4-n-^^/M- 
*5/7x-/Hk 2- (2' -Xf-/k7*f-^) ^v-7 
x~/l^ 4-n-^^f-;^^fv7x-;^. 4-n 
-fi'^^^xX/H, 4-n-Kr^/^ d f^7 
x-;l^, 4-n-fb5f^W^7xX/H < 4 
->-^nA.df^;^^^7x-;l-a, 2-a'?n'v*5' 

/^=3fx7x-;^ 2-^h^f^-i— ryf-ivm. 

4-^l-3fi'-l--f7f7l/*, 4-n-7b J fv'-l 
-^7f-;W*. 5-Xhdfy-l-^-7f-/^ 6-* 
Y*tl/-2-*y+fV&* 6-Xb^y-2-t7f/V 
6-n-7Y*i/-2-1r7l-lV&. 6-n-N.* 
7-Xh* : s-2-i-y 
*)Vm. 7-n-7bdfx-2— *-7^«. 2-*^- 
;W-4-^h^^7x-;l«. 2-^^-5-^h^f 
i/7xX;H, 3-^^1—4-^ b^S/7xX;^ 
3-^^-5-^ h^f^7xX;H, 3-xf-;l/-5 
-^bdf^7xX,;l^. 2->h^fy-4-^7x 

3- ^b d fv—4-^f-;P7x-^S. 2, 4 
-3/*Mf5'7xirt'*, 2, S-S^Hf^x^ 

2, 6-^b^f^7xX;^ 3, 4-> ? >b d f 
i/7x-;H, 3, 5-^h^y7x-/H, 3, 5 
-y'Xh* >-7x-/l^ 3, 5-^-n-7h^r^7 
i-;^, 2-^hdf>—4-Xhdf^7xX;^ 2 
-^h d fv-6-Xh^>-7x-;l/S, 3, 4- 5-b 
h^fx7x-;l^, 4-7i-^7x-/H> 3- 
7x-^7x-;H, 2-7xX/P7xX;H > 4- 
(4' -^f^7x-/H 7x-/WS. 4- (3' 

f-;P7x-;P) 7x-;uS. 4 - (4* -*\-*i/7* 

7x-M, 4- (4' -n-7h^fy7x- 
/M 7x-;Wa. 2- (2" -^hdf^7x-;W) 7x 

4- (4' -?DD7i-/H 7x-;I^ 3 
-^f-;l—4-7x-;W7x-;l'a. 3-*b*S'-4 
-7xx;l,7xx;H 1 9-7xX/H2-7Ml/X 

urn. 

[001 3] 4-7/M-n7x^/WS. 3-7K07 
xX/PS, 2-7/l'*07xX^i > 4-?007i- 

3-^OD7xx;H, 2-?oo7x-;H, 
4-7ot7x-;«, 2-/ot7xX/H, 4-^ 

nn-l-t7f/H« 4-7nn-2— ^7f-;HS, 
6-7o*-2-r>-7^», 2, 3-^7/^n7x 
-kg, 2, 4-v7^JT07x-;l^, 2, 5-y'7 
Wn7x-;«, 2, 6-y'7/Wn7x-^ 
3, 4-^7;^n7xX/PS, 3, 5-^7/M-n7 
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x-;^ v 2. 3-y?oo7i-;H. 2, 4-^y* 
2, 5-y?DD7x-/H, 3, 4 
-y?Do7i-;«, 3, 5-y?no7i-;«, 
2, 5-y7ot7i^;«, 2, 4, 
7x-;>a. 2, 4-^DO-l-' t7f7WS, 1, 
6-^7oo-2-^7f-/P2S. 2-7/k*o-4-y 

f*7i^H, 2-7/^n-5-^f/k7x-;l' 

S N 3-7/kfrn-2-.*f-/i'7xX7i^ 3-7;M" 
n-4-y-?-;U7xx;^ 2-.Xf-;l'-4-7/M-n 

7x-;l^, 2-^^-;I/-5-7;P^P7x-;WS. 3 

->f;l/-4-7;^a7x-yH, 2 -7on-4- 
^f-;P7x-;l/ii. 2-?nn-5-^f/P7x-^ 
31, 2-?nn-6-^f;l'7x-;«. 2-y^- 
3-^no7x-;H, 2-^f^-4-?oo7x- 
;HS, 3-?DO-4->f^7x-^S, 3-y^- 
-4-?OD7x-;H > 2-?on-4, 
^7x-;PS. 2-X h^rv-4-7;l/JJ-07x-;P 

35, 2-7/^n-4-^h^fy7x-/H, 2-7/W 
^-o-4-xhJf^7x^;PS. 2-7;^o-6-^ 

h d fi/7x— 3 -77P^tP-4 -Xb^f ix7x — 
;yg. 3-?no-4-y b*>-7xX/U£. 2-^h 
Jf^-5-7oD7xx;PS, 3-y h^fv-6-7n 
07x-lH. 5-?OD-2, 4->-'^ fJfy7i- 

[0014] h&jS ( i ) vmti&ik^mizti^x , 

Ar, fcAr 2 *>4tfAr 3 fcAr, t4*§£L 
<. #4L<J4. -NAr, Ar 2 i>4tf-NAr 3 A 

^^«*Smw-N-7x/df-9-^;^. *4v^i 
ffi&$ fc{i*Bfll*> - N -7x7f7yV I 

iia5»i-io<or^3^*. bi^am 
»6~i o^ry-/wer#««*fcJ4^wis*i'C^ 
T i>4 ^-N-^/i'AY'f /US. - n - 7 x y ^if^ 
turn. h&^\t-N-? 3 ,;+T i J4)vmx'b'o. 40 

*?4L<f4. i>L<J4. Aoyyff, jHlgR 

1~4©TA^PA«, ^S^1~4^)T;P3^^3I. h 

h V l(4&Sft 6 - 1 0 <7)T y ~)U3:X'#t5Mh 

m&ftX\vt\>Z.\^-K-i])V>*fAl\>m. -N-7 
x7dr-9-^;l/S. £>!>^4-N-7x/^7iM;P3£ 
•C*)0, L<«4. *»fttf)-N-^<y-f 

/PS, *S&tfO- N— 7x7 ;t-3$, &&M4* 

kj&o- n- 7 x yf-r^M fvmxhh . 

[00 1 53 Attfflfc LTJ4. -N-^A'V 

-N-#;W^/M/l/g. 4 -jCf-^-N-;**/*/* * 

36. 3-n-7"f-;l/-N-^;^^/-f^S. 3-n-A, 



* N - f) fW ivm . 3 - n ? f-A'- N - 

3 - n -fV/P- N -HfrWA )l> 
36. 3, 6-i?**)l'-tt-WWJ\&* 2-XY 
df i^- N- */WCy-( /l^l, 3 - y $/- N-tf/M'? 
V-fA*. 3-xb^j/-N-^;PA'>/^;l'S, 3-4 

y 7*D--K^ i^— N —totoW A-36. 3-n-?Y*i/ 

-N-tlW^/JtVm, 3-n-*y*f-;M-*v— N- 
)V&. 3 - n — Ti/JVX*? is—N—JlJW *V 

-OWS. 3-7x-^-N-*^aY>|/H, 3- 
(4' ->f^7x-^) -N-tfA-AVWA'S, 3- 
(4' -tert-:/?-A7x-A) -N-#/kKy>f A 

S s -N-7x/* 

If^/HI. -N-7xyfTyV;H, 2-.X?-A- 
N-7x/f7y-f A«fr if **ff S Z b 4 . 

[0016] ( 1 ) Trntint-smizti^x , 

R, fc4t/R 2 (4*SJK^. SSL ^MSifcJiWKor 

a*;i^, «ft4fctt*fBjtoru-n«. *>£v^4S 
*4fctt*»^T5A*AS*«U *?4L<J4. * 

*A3S. ft*R4~l 6OK&4£{4*g8|c07y-A 

36. »«v^4i»8i»5~i-6<oaH«afcj4*i»«)r5 

0 , 4 0 if 4 L < t4 , tKSM^F. 1 

12(^jB«4fc{4*WW>TU-;l^S» ftSWiUBGR 
7-1 2c7)S^4Jt(4*S^WT5^;UST'fe , 5. $ 
4>fc:»4t<(4, R, iJ4l^R 2 «4*S^l-80E 

[00 17] R t iJ4y ; R 2 ^^4Jtt4*S^<7) 
TU-n««JMMIi: LTJ4, W*lf. Ar, -Ar 4 
U-C#{ffcJKI4fe(4*{i«KOT';-;NISr 
fffi^Sik*^**. Ri fc4t/R 2 

-T'f-Zl'S. ^fVT'f-;^. sec -7^;!^ tert-T" 

n-^.y^-;yS. 4 y'O'fvl'S, *^yf- 
tert-^y-f;^, y^n^yfyl/S, n-^^f 
^/l^l, 2 -xf-^7*^« . 3, 3-^f-;P7'^ 

35. y^o^y/H, n-^7°f-;PS» y^o>\drv- 

n—x-n-ivm. tert-*71-)im. 2- 
xf-;l^\df 5/^2. n-7x;HK n-fy/H, n — 
Kfy;H. n-Th7Tv;«, n-^Wr is/Hi 

T14^rV\ 

[00 18] ttc. Ri *i4t/R 2 nmrnttdttsm 

36. 7x*f-;k3£. a->f;K7y';H, a. «->-* 
yf-;Kyx;u36, \ -+7+a,x+M£. 
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4-4 yrotW^yi^lWI. 4-tert 
4-n-^df^K^^S, 4 
-y-;^y^*;WS. 3, 4-i?X+fWy&Mt* 3 
-jXt-dfi'^VS'*/^ 4->hdf^ / <.yv : ^. 4- 
J-V^i/Kyl/lV^ 4-n-7*Mfi'-'0'> ? A*. 4 

y=J)V&. A-7)V*W<-> : J)V^ 3-7)V$uKy 
[0 0 1 9 3 Zi fcJ:tfZ 2 lifcSItt 1 . Aoyyf 

2. 6<*>WH, 4rtt4fcli»R0>7/W3* 

**Wii8HR4~2 0««H4fcJ4*Wor 

[00203ft. Z t fcitf Z 2 <9figL #*4fcii« 
«W>r;^W»)^*Wi: LTli. Ri fc^tf 

r 2 aAfltffc LT HftM, 4WR*fcttSltt0>7A' 
*7l<**WSiH-* ifc, Zj fc«fctfZ 2 

Uf. Ar, ~Ar 4 Oftttfite l/C^WffcWMtfctt 

tfz 2 OAn^-'yjg^, U£L *H**fcli»tt*>T;k3 

S„ n-yt-^S. 4 y^h*^. sec -7*3**5" 

^yf;^^fyi. i^n^yf-jM-^-S'S. n— n 
^-/iVH^islk. 2-Xf-A'7*h*S'*, 3, 
f-/W7>3-i'g. x^U^y/W*^v*. n-'V/f- 

/lot^i'S. n-fy;Wyi« n-h'r^/W*^^ 

[0021] HBW ( 1 ) ■C*t»*i*ft^»fc*«'^. 
X, &iVX 2 li- (A, -X„). -A, -Srfi-f. 
(fit, A t fcJtfA, ttiWifctt*fflfc07x-U 

y*. &&^y:g&a£te*S&?)77^y2£* 
iiOtttil*^) 



Ai *5i:^A 2 itwm&tztemM<7)7±-isym. t> 
h\mwmttziimm<oi-7^uymimi. nti 
wiafctt*a»*>i . 3-7i-^yi, ffift 
4fcji*aKW)i. 4-7i-uyi. awifctt** 

— Y7^vym. mmttzitm.m<r>2, 6-t7+v 

y&. *6VM4!B«*fcl4*WW)2. 7-77^y 

-7i^yyi, l®4*:ti*W$&<oi, 4— f-7^ 
y£. aHA4fctt*iKJW>l, 5— &3> 

ifcttl***. m#H&m* £*)tttl<\t. A 

i 1, 4-73.-\symx't>&. 

[0022 3 HRsS ( i ) X'mti&te&Vafc&^x. 

X, fcJ:tf X 2 fc LTti* «fc L<li. HR« ( 2 
-a)~HR*(2-g) (flS4MklO) 

[00233 
[ft4 3 




(S4>, Z u t5j:tXZ 12 i4*SJS^ Aayygf, E 

[00243 
HC5 3 




(2-b) 



z,!i3J:VZ n l««K^ tvayyKf-, it 
[00253 

nt6 3 




(2-c) 



(7) 



tfflPPl 1-2 19 787 



m. %m.iz\mm7)v*)v&. mm. m.*iz\±m 

[0026] 

?4l 



(2-d) 



z 41 fcitfz 42 J2*S!f^ ^o^M?. tt 

«l ftmtz\mmr)v*)\M. mm. mttzim 




[0027] 
Ut8] 



*S\ Z 52 



(2-e) 



[0028] 



[ft9 ] ^ 



(2-fl 



(sWk Z ei j3j:tfZ 62 J±**lgR% Aoyvs^-, it 

[0029] 
litl 0] 



(2-g) 



<5*+. Z 71 £itfZ 72 te7|<SMl\ ^nyyjBFf . S 

& frmttmv&T>\,*t\,m. mm. ftmttzim 



[0 0 30] (2-a) j&5U2-g) 

^t, Zjj. z 12n z 21n z 22 , Z 31 , Z 32 s Z 4 j s Z 
42- Z 51> Z 52x Z 61 , Z 62 , Z 71 i><i:#Z 72 (]^T> 
Z n ~Z 72 i:i«&IE-r-6) «*^JI^. ^nyyil^. Iff 

0, m.&K.\m®.<?)7)v*)vm. mm. ttmwim 

wm. i~i 6wiji. ^t^tis«cor^^i-«. k 

fts^«i^*m4~2 o«7)Km^^«±*s^^ru-^ 

imm~~8nmm. m.&tz\m&cr>T>v*}vm. k 
mm-snmm. ftmtzimmT^^g. & 

[0 031 ] Z„~Z 72 <9IJL ftt&t-ktemti&Tfr 

^jvmwMftMtLxte. mm. Ri t>j;tfR 2 <r>m 

^-rSit^TtSo 4fc. Z n ~Z 72 ?)B8S;£*:ti 

jmrnorv-jmnmrntLxn. mm. Ar 2 

-)imzmm-h <i t a*?* i. . 
[0032] z„-z 7! <7)Aoyyif, E®. 

>vmK?. imm?. mmi-Kt'w^yymT. m 

y7DiP*S/S, n-7>*5/£, 'fV^h*^ se 
c -:/Hf>*, n-'O-^M-^S. ^Wf* 

i^S. n—Ndf^jj-^^ai, 2-xf-;l/7"hdf>-S. 
3, 3- t J**ll>7'V*i'm* l/9u*JtifAsjt*if 



x-tt. 

[0033] *8mztolHBs8; ( 1 ) X-3kZtiZ>tt& 

mmmtixi*. mm. wrextem (fci i~ 
it4 1 > zmjhztifix't&tf. xmutztiuzm 

%.ZtlZi><7)X-tt%^. ft. R*. Phli7x-/« 

[0034] 
Utl 1] 




[00363 



A-8 



A-9 



[0037] 



(10) ^¥1 1-2 19787 




[ftl4] 



(13) tfHPpil-2 19787 



A-16 



A-17 



A-18 




[0040] HC17] 



(15) «HPP1 1-2 19 787 



B-1 



B-2 




N 



B-3 




[0 04 2] [ftl9] 



d7) m*ni- 




CH 3 



Ut2 1 ] 



(18) 



fflWl 1-2 19 787 




[0045] Hfc2 2] 




[<L2 4] 



(21) 



E-1 



E-2 




E-3 




Ut25] 



(22) ttBPPl 1-2 19787 




0-n-C 4 H 9 



[0049] Ut26] 



(27) 



«HPP1 1-2 19787 





XT 



p 

CH 3 



rvCeHi3 Ji-CflHi3 





E-20 



CH 3 0 





-N- 




E-21 






Bz v Bz 



[0054] 



[ft3 1 ] 



(30) «H¥1 1-219787 



E-28 



E-29 



E-30 




[0057] HH34] 



(31) »BFP1 1-2 1 9787 




[0058] Ut35] 



(33) 



#53^1 1-2 19787 




F-1 





CH 3 JCH 3 





(34) 1-2 19787 



F-4 



F-5 



F-6 




[0061] 1*3 8] 



(36) 



#H¥11-219787 




OCHj 



[0063] "t4 0j 



(38) 



ttflPPl 1-2 19787 




[00653 *»IBfc«4HBW ( 1 > X'mtlHt£ 

mm. -flta ( 3 ) (a:4 2 > -casn* 

-fc&fcfcHfc* ( 4 ) (fli4 2 ) •C*$<xS'fb^lk «k 
fc#?**HR* (5) <fc4 2)"C*$ 
> -«W ( 6 ) «L4 2 ) 

[0066] 
[fc4 2] 



(39) 



ftWPl 1-2 19787 



Ar, 



H 2 N— Xf—N % 



Ar- 



M-X 2 — Y t 



Ar 



Ar, 



\ 

Ji—Xa—HH— Xf— N N 
Arf Ar 2 



Ri fls 



(3) 



(4) 



(5) 



(6) 



c*k yi ~Y2 tt/\ny>jFF*au a^ ~a 

r, , R, , R, , Z,. Z, . X! &£VX 2 «HR 

* ( i ) tra 

t o o 6 7 ] mm. -*w ( 7 ) x-mtiut 
. ( 8 ) •c*s*i*fc£*fc-«5S ( 9 > 

[00683 
[*4 3] 



Y 2 




H 9 N 




(7) 



Ar ; 



N— X, 



(8) 



(9) 



C5*tt>. Y3 ~Y4 l4/NOyyjFF**L» Ar, ~A 
r 4 . R, , R 2 N Z x . Z 2 . X, *>J:tfX 2 IJHR 

C0069] tfBWWfcJiami. Sft, -*t*>*«i 



m £mxmfct& z 1 1 t* s . 

[0070] *?^3IWJHfe3fc*?-fci3Vvc. HR 
* ( l ) lEIl&Mfci&fittisitf 

a. mx-m LxiiXK. hh\ mmmm lx^x 

[0071 ] ^HBO^rtSm^B^^^JSJ: 

(4. wcroet* t ^-cii* < . wi«r. ( a ) mm/ 

(Hi). ( b ) mm/jLmjMm/ftm/vm 
s*p (02), ( c ) m®/mm/'m?&xwm 
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[0072] *WR<nwkm.mdtm=H±, zticnm 

x. m&\mm. mm. m-smmmzmm 
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E&7/M- wyi&s*. **t5y5**dMMFi*» 
*ttt'«JB LT i i < . h * mm* 

mtxi>£*<\ 

[00863 R£ffi6 b IXIZ. Jt«Wtt*M^b§ H 

b'J*7A. th'JW-*'JW^. i])Vi/*7d±. v 
y^A^, ^fy^A, ^-f-^A, f-^x»7A, 

•7y^ry, >f -xt-u^ 7^5-^, 7^5-^ 

7^5-'7A-^;l'v-'7i>.-&^ 7)V 

xi>£<. hh^mmmixi>x\.\ mma. zti 

w&th z t &X-Z h.ttz. mm±-mm.x'h -> x 
hx<. h&^i&Mtmx'h^xijX^. tmcr, 

i)K-W&z, 5~1 OOOnmgJg, £*m&L<\±. 

i o~5 o o nm?m.tzm.%.tz>> ft. ^mwftmm 

mtb< . mfto&mm o %&±b% 
w 

[ o o 8 7 j xmnumxmmTizti^x 
a. w}?tc<b{>-mwz. -wmxt^yi-v- 

xit. miz®m-&i><r>x'ii&< . mm. 
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mx-b*). x'omtKit. mmMmx-hi. 
ft. mm. jEHr^Kmm^-mmm^^y^- 

xhx<. jEH&mmtmt&m mm. m 

*tXi>£\\ -Wmmt^y^-eykttb LX 

ttztcim mm. m&mm) 
££{fctoo. o 1-50*4%, mi<a. o. o 

5-30MS%. XimKli. 0. 1-20M*% 

x-hh. 

[0088] jE?taA«?isi . mm. nx&\mm 
cDBmrnmixiz. mzmMti^x-m<. m 
m. Mzmm. 4*>mmm. mmmm mt 

•y hmz) izx m®mfctz>zbiz£ oimtz 
zttfTZi. nzmmmz x i . m mm t m 
Msm^^mi. mz®mtii><?)xn%^tf. 

1 0 - 5 TorrgJSI^T^E^TT', 5 0—4 0 0°Cgj£<9 

*-hiajg (*mm&m) . -5o-3oox:gj£<7)£ 

miSiMX'. 0. 0 0 5-5 0 nm/sec WS.V'mWg. 

x-mmtzzttfrni^. zvmiz. lEiutmm. 

m. mm. n=FmKmmmcom\t. k&tx\ m 

m. Lxmmh ztizx*). mmiz-mtiKtm. 

Rf&tmttmktz zttfx-zz. Msmmmiz * 
lEn&Awm. mm. m?mMmmco&M 
nm^nm^xmmh^. ita&feMx 
h mmzmm lx . mm?z> z 1 m 

[0089] mmm&zx o , mmm-hm^. 

mi. mmzmm. ttdt^WL^xm^mt-ti. ie 
?li£as«**, %>m. m=?&mmco&mizmi 
o %>>m v?—Wmt lxh. mm. xv-N-t- 

)VU)W*/->V. jK!/7yv-K XVXj-Uy. jK'J 
xxf;K ^JyoJffy, tfU*^7?yu-k 

a. mwx'mmbxi>£<. b&wmmmixttX 

[0090] ^^pffi^J: 0 , 



mi. mmmmm mm. ^*yy. *??y. 

rfiy. h;ny, sti'Vy. xf-/Ky-fe?>\ i-* 

i~)n-7?uymc?>Mtfcmmm. mm. r-th 

y. X+)Vm-)V*r\>y. X*)V4V7+)V*\>y. is 

?a^ir;ymv>i'bym$&. mm. ffua* 

?y. ^dq*;^, fb7?Dn^?y, y'^ooi 
fy. h»j?nnx?y, fb7?nni^y s ?no 

yymit*mm&. mm. wmx.+* s 
jv. mw^m<r>jix^)vjhmm. mm. 
)V. 7cmv-/k ~r?;-)V. *<yf;—ii>. 
/-/k x^n^-t7-;P % *^/H:ny^7\ xf- 

mm. ^f-^x-f/k rb5tb'n75>-, 
^=¥■9" y. 7xy-;^x-f;Hffll, 
N, N-^^*;^T5H, N, N-^f-^T-t 
hTSK, l-p<f-/l/-2-fnUh*y, 1, 

[ 0 0 9 1 ] N. 4HW*#Sci: Lt*4. Wzmfcth 
jyb : sx-*-. TbvA?-. ntzv+w-m* 

fflv ^xmrn^mz^fa-th zttfx-zz. mmmx. 

izfflLXii. WdSSt-*fcO"?li*<. 

j&fiii:^*, HRfctt. 0. 1^5 0MR%n 
M.mKli. 1-30 SS%SX<^fFSK«KTft 

*. ft. 'uyy-mmmtim&* *<nm*& 
mixit. mtzmfctzhnx-uK^tf. -mm. & 
mijM-tuMHzttLx {-mm.<r>m=Fimmtm 

&Zli. ZmntmiZttLX) . 5-9 9. 9MM% 

m&. mi<u. io-9 9«*%s«s zvmi 

<te. 15~9 0Sft%SSti^rS. 

[00923 jEfi&xmm. nxmxmm 
<nimimi,x\±. ®izm£?hi><r>x'\&c^w. -m 

[Z. 5 nm^5 umU&.l,zm.1£t&ZbiWtL^. 

ft. mitzm^iizMi. ®m**mtcr>m&m± 

i. mm. rtJ7<y. i^'jny^ 
-^>-?fi=3r If OJRSttWt+fcJ* A LTfiW-f t i t ifi 

U3-ylSflis x^dfv-x'J3-y^fli, ^UXf-w 
xf-vy. #V7x-vy***H H) . tMtffi (« 
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«§tt#5x, &mm. amm &m$m\m. 
MM) , $ uzumwrnm ztrnfi z t 
wen. &miz®mt>tfm. m&xmLxi>* 
<. b&wmwmLxh *v\ mmi*. 

[ 0 0 9 3 ] 4fc . tt&KftWRfc , Witf, &® 

[0094] *fflwmM#ffi£?tt* hwc» e 

[0095] 

%\\ 
mm i 

JJS 2 0 0 nmCO I TOgHjmffi (ISffi) £^Ttl>#7 
+ttffi*L T-fehv, x*y-/i*JBwai 

(CfflfcLfcflL Iti^3X 1 0-»TorrK«EUfc. 4 
1\ I TOjMBWLhfc, 0K«fl:£Htf*A-14MI:£ 
WiW%.0 . 2 nm/sec T7 5 nm«l SKIS 
»U jBLaAf&&Sk Lfc. **>±K, hU 

0. 2 nm/sec X'5 0 nmOf^CIfl. *?-£A 

LT. v^fs^AfcttfcilBtjMEO. 2 nm/sec "C 
2 00nmOff£K*3f«(«*JtlO : 1) LTf^S 
fc U ««W!HBaH t *ff«Lfc. ». ^* 

**imciI8«EE*8HinU 5 0°C, $£«l#ffl^T, 
lOmA/cm* <o£VSKffK'CaMKn$'^. ttMK 
li. 6. 5V. »S4 80c d/m* CDffkfecOf&fttfil 

[00961SHIW2-31 



mm i Kfe^t . mmMmmmmzm lx , 01 

#A-4O<k#80 (I0MI3) . flR«fc£*#^A-6 

) , f^k£»f a- 1 oofltelli (gift 

$6 ) , ^{t-^W^A- 1 4*Mk#B9 (gifeffl 

7 ) , flKft^w-^A- 1 Knits® mmms) , 
m^B-4<mt^m (xhhi o) , 

^b^ft (UttMl 2 ) , ^b-^fti#-fE-2^-ft^ 

«« 1 4 ) » ffci^BJ#^E - 5 CO^^O (^09 1 

5 ) , ^k^ftflH-E - 1 OcOft-^J 1 

6 ) . ^•fk-^fisS^-E - 1 2 ?)-ft-&tt (HJI01 1 

7 ) , 0IJ*ft^!I#-f-E - 1 3 ^'fk^U (*ifeW 1 

8 ) , ffisft^iww-E - 1 i<f>\l£m (mm 1 

9 ) , ^k^BjS-f-E - 2 1 05-fk^ (^*60>J2 

0 ) , pi»'fk-&ii#^E - 2 7 ^-fk^n ( mm 2 

1 ) , ^k^J#^E - 2 8«0-fk^?J (901092 

2) , «*ft^*#f-E-3 0^ft^ft (**«2 

3 ) , M^k^tl#^E - 3 3<7)^ft (»*W2 

4 ) . f»flte»#9E-3 5«Hfc#Bi (^JfeCT2 

5 ) . ^-fk-^)## F - 3 W-fk-^ft (HUM 2 6 ) . 
^k^jS-f F - 5 CD-fk^feJ (l3tW2 7 ) . 
#H}##F-6tfKk£9i! (^Sfe(?J2 8) , W^-fk^fiJS 
^F-90^k^I (»tW2 9) , ^k^!ft#^G- 

lofl:^* (^MW3 0) , m^it^s^^G-7mt 

aw (mm3 1 ) tttfflLfcjawi, laiwucEa 

SSr^l^ 2) K^LTt. 
[0097] it«S^Jl~2 

^-fk^i#^A- 1 oxb-d**ttffl^*ft*> OK. 4 , 

4' -h'X CN-7x-;W-N- (3" -^f^7x- 
;W) TS/D t*7x-;Kik«^Jl) . 9, 9-^-f- 
)V-2, 7-t'A(N, N-y7x-^7iy) 7^* 
l/y (JUKM2) MWBLfcBWi. WMfllKIEttw 

^»l«(*2) K*Uc. 
[00983 
[IS13 
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icfflfcUrflL Ht»$:3X 1 0-«Torrfc«EUfc. * 
1\ ITO^BH«fii±t. #U (f*7iy-2, 5- 
iHW&mXXBLO. lnm/sect. 2 0nmtf)S: 

■ffc#Hj#^A- 1 8?tfL#ftl£ . HItSESO . 2 n m/ 
sec T'5 5nm<7)JI$tll»L, gSZjE7U£A$&j*lli: 
Lfc. <Z^X\ Z<T)h^ h'jX(8-^/U/7/- 
h) r/l/S-^*. 3K«$£0. 2nm/sec T50 
nmtf>WSfcJl*U £ Affci&B * mhtz^M t 

0 . 2 nm/sec T'2 0 0 n mWWSK^Mf (SAJt 
10:1) bTRISfc U *IWW&*#P*fWL 

mwm%T. lomA/crfcojeiasafK'CjiSBBiis 

%fflS(C(i. 6. 4V. ttK480cd/m 2 <7)H 

&<r)%±immtitz. m.m-mAt 1 2 0 osm? 

[0 1 0 11 Wt«3 3 

Jf£2 0 0nmc9ITOjgHM«i (Bfi) £1rf3>;#5 
xmfci. x*/-*fcffiwcfi 

(CfflJgWil*. mm*3x l 0-«T«t(C*EU:. * 
•f, I TOj39!WS±C 4, 4' , 4" -h';x cn 
- (3"'-;W7xX/H -N-7x^T5>] h 
U7xryV-T$yt3lMt3tKO. lnm/secT\ 5 0 
nm*>#&t£l9IU ^-iETLftAfiSilt Lfc. «^ 

IS^aSO . 2 nm/sec T'2 0 n m<7) 
«3tc#ft* (Sfiitl 0 : 1 ) U £ZIE?UxA$5j* 

(8-#/uy5-h) r^s-^ASris^atso. 2 

nm/sec ? 5 0 nm<7)Jf $(3I*U «^?£A^J*S 

SO . 2 nm/sec T'2 0 0 nm(?)f$t^ (£* 
Jtl 0 : 1 ) LTHSfifcU *«WH**#Ptrfl«L 
fc. W. IG*ii. IHWK>liffitt»t«-»fc**«»t 

$SB^T. 1 OmA/crfW^KWSBtCjMMHIS 
tffc. iDMfctt. 6. 2V. »S4 70cd/m2 ^ff 

&m±imuztitz. mm^mut 1 3 0 omtt 

hr>tz„ 

[0 1 02] HSS0IJ34 

S$2 00nm<7)ITO3BJ^ (US) fctfffctf? 
+ttftJW» x?y-/H&JBwcfi 



•f. ITOaWlttJtfc:. :KD (f*7iy-2, 5- 
*MM SrlS&JgO. 1 nm/sec T\ 2Onm0)J? 

3 tan* u m-sEumMmtitz. mmm^ 

ETlzMllzlk. mmm*3 x l 0-«Torrfc«EL 

yt. awe. m^^m^E-2 2oit^mt^u 

mhWmfrh. WSm.0. 2 nm/sec -c 
5 5nmcr)l?$ttt^* (fi*JtlO: 1) U «=JE 

h) T^S-^SrlS^a^O. 2nm/sec T'50n 

ftofci** §fetC^W±t, "?y*S>">Afc*£, X 
lfi£j£0 . 2 n m/sec T*2 0 0 n m£>Jf § lz£MM 
(fiftfctl 0:1) LTH&fc U tfllWWfcfc*?* 

l. ias#HMT. i omA/cm^ogmss^sraii 

B»S*fc. *J«fctt» 6. 2 V, »«4 8 0 c d/m 
^ ^f^DKm?^. WKO¥WHJil 500 
$ffflX'for>tz„ 
[0 103]*iSPI]3 5 

If $ 2 0 0 nmfiO I TO^«fii (PBffi) $r*-f 5^5 
x»g$r. «Wt8HW. r-fehv. x^y-;H:fflv^TS 

feicuv/sryyawtfcifc. iMBa^aHR*^- 

JCfflJgtfctt, ^*»2:3X 1 0- 5 Torr(CiSffiL^„ 2 
•f , I TO jMBWHifc:. f^-fb^l^E - 2 9 
^ft$r^jIS0 . 1 nm/sec T\ 2 0 n m(Olf$t 

!fe##A- 1 3<7)€-&tlk^y^>5:. WZhWmfr 
fe. UlSiSO . 2 nm/sec X'55 n m<7)JP£ C£H 
* (ttUkl 0 : 1 ) U JBZiEH^JlMyiiJWafc 
3fefelkU/i. §<o(C, -e«o±(c bu*<8-*yy 

75-h) T/l'SX^A^^LSO. 2 nm/sec t 
5 0 nm^tlfL^ «^A«5iMlk Lfc. § 
(C*«)±fc, vy^y^Ai:^. ^«3«0. 2 nm 
/sec T2 0 0 nm<r>m\,zmM (MMit 10:1) 

1 OmA/ci»ajeMW*T«WB»S*fc. *JHK 
(i. 6. 1 V. S»®5 20cd/m2 cofffe^^* 1 ?! 
BSWt. *K<0ipWWi l 6 0 omth^t:. 
[0 104 3 9EHH3 6 
WS20 0nmOITO3MWffi (ISffi) 

xs«^. *&mi r-thy. s-jizm^xm 
%%mitz. *«a«tJw^tJS^T«iL. § 

KHStfca. jRWI*3xlO-«Torrfc3MELfc. 4 
■f. ITOSBM@±(=. «5%fc*W»E-3 2«ft 
l«aLS0. 2nm/sec t'5 5nm^Jf$H 
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#f E - 1 1 <7){\L%m „ 0 . 2 n m/sec T* 

4 0 nmcOff§tS^ (fiJftl 0 : 1 ) U WtM 

tit. §tc, hyx r;P5 

gg«at£0. 2 n m/sec X* 3 0 nmV>m 

?*i"}J*tm&.m?SM%0. 2nm/sec T'200 
nmZlIJCMf (Mitl 0 : 1 ) LTRHSfc U 

^atSltEfcltt&llU SMfflMT. 10m A/cm* 
^«^S"Ca^lg»§^c. ttJBfcli. 6.2V. 
»S 5 6 0 c d/m* ^i&fe^^^HI2$^. a* 
^¥$${4 1 5 0 0 BUSTS) 
[0 1 0 53 H1SSW37 

mZ2 0 0nm<DlTOMWWm (ISfii) £3rt£#7 
7-feh>\ x?y-/l^ffiWCjg 

t>iz\jv/*y>m&it:„ a*:, iTo^m«g± 

h (S*^^* 5 0 0 0 0). 
t^t^#^E-2 0^L^)Sr, MMttlOO : 

5 O^SiJ^-C'#*^S 3S*%y?oox;?>i§ft£« 
Wt, T^yT-rJ-h 9. 4 0 n m^JEfLaAS? 

mz, mmw(om*fry-fc®fcu&. mm 

£3x 1 0-«Torr(cmEt^. &WC N *0>J:fc. h'J 
A (8-*/i;/9-M g£»3Sg 
0 . 2 nm/sec T'5 0 nmOJf SWIMfU m^&A 

^■/^AfcgJ.Ita^O. 2nm/secT20 
0 nm«f§C*lt (Mitl 0:1) LTUffifc 

KflWlWT. 10V*>iKWE*fflailUi 
9 5mA/cm2 ^gfo&igtfifc. »S98 0c 

d/m* **teO»i6W©3*lfc. ffX*>¥i0Hi22 
[0 1 0 6] HJ5S0IJ3 8 

i¥22 0 0nm<DITOj§BJ«fii (RUE) *#tl#? 
xmLZ. «WEWH. 7-bhy. x?/-A-£fflvvtj@ 



fc, rV)**)VX99Vl>-Y (fi* s F%iH t 42 5 0 
00) . Wii^£W^E-34<0fc£ft. bUX (8 
-^yyy^-h) T^S-^AS:. **i«ifi*ltl 

0 0:50:0. 50>M£r#rt<& 3ll%^7oa 
x?yjg?££JB<,vt N t< vra-hifeKJiO. 100 

*»£3X 1 0- 6 Torrt&EU;„ Sfcfc, fBfll^-h 
fc. -?ms*7J»bm. mm&0. 2 nm/sec T 

2 0 OnmOmZkmM (MS.it! 0:1) LTUffi 

tzkZb, 80mA/cm 2 OTOWiSWJ:. »£53 0 
c d/m* <0*S<0ffcK#llBS*ufc. WKoapWWi 

3 0 OBIT'S) oft, 
[0107] 

^rafcio, «3esww*ft<. WAtt 

fc. 

[0WcojS*=Sri^HJ] 

[01 ] *«S*^3eSi t O-^««B&flBil3'CS)S. 

[02 ] ^mm^/tm^^-mcoimmmmx'hi . 
[03] *«m^i6^^o-^j^im&^0-c'ft i) . 

[04] ^«S^^^O-^icO«lB&^jt0-C^I». 
[05] ^TlS«#^^cr)H?JO«lB&«3i0T'ft I. . 

[06 ] ^mm&tt<ry^<mwffim*> 

[07] ^Smftf&ft^OH^SP&lt^T'i&l.. 

[08] ^<8m#^fc*^-^^«iB&^ji0T'^s. 

1 »R 

2 

3 IE?LiiA«5i*JI 

3 a IE?U£A«9i&£# 

4 Mi 

4 a mm 

5 m^AISBMl 

5" m^aAfijinw 

5 a m*mm&tit 

6 Rgffi 

7 mm 
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